The genetic parameters of subclinical hypocalcemia, hypophosphatemia, subclinical 18 hypomagnesemia, hypokalemia and hyperphosphatemia during the first 8 days after calving were 19 studied in Holstein dairy cows. Repeated measurements of calcium, phosphorus, magnesium and 20 potassium serum concentrations together with recordings of clinical diseases during the same 21 period were used in random regression model analyses. The heritability estimates of the 22 associated health traits suggest that genetic selection is feasible and could help minimize health 23 problems after calving. 24 significant daily heritabilities of clinical diseases were those of MF (0.07 -0.11), left displaced 48 abomasum (0.19 -0.31) and mastitis (0.15 -0.41). Results suggest that these health disorders 49 are heritable traits and could be minimized with proper genetic selection. Statistically significant 50 phenotypic correlations were estimated for the first time between macromineral concentrations 51 and almost all transition cow metabolic and infectious health disorders. 52 53
ABSTRACT 25
The main objective of this study was to assess the genetic parameters of subclinical disorders 26 associated with subclinical hypocalcemia (SCHCa), hypophosphatemia (HypoP), subclinical 27 hypomagnesemia (SCHMg), hypokalemia (HypoK) and hyperphosphatemia (HyperP), as well 28 as of major clinical diseases after calving in Holstein cows. The secondary objective was to 29 estimate the associated genetic and phenotypic correlations among these subclinical and clinical 30 conditions after calving in Holstein cows. The study was conducted in 9 dairy herds located in 31 Northern Greece. None of the herds used any kind of preventive measures for milk fever (MF). 32 A total of 1,021 Holstein cows with pedigree information were examined from November 2010 33 until November 2012. The distribution across parities was 466 (parity 1), 242 (parity 2), 165 34 (parity 3) and 148 (parity 4 and above) cows. All cows were subjected to a detailed clinical 35 examination and blood sampled on the 1 st , 2 nd , 4 th and 8 th day after calving. Serum concentrations 36 of Ca, P, Mg and K were measured in all samples, while β-hydroxybutyrate acid (BHBA) was 37 measured only for day 8. The final data set included 4,064 clinical and 16,848 biochemical 38 records (4,020 Ca, 4,019 P, 4,020 Mg and 3,792 K and 997 BHBA). Data of 1,988 observations 39 of Body Condition Score (BCS) at days 1 and 8, were also available. All health traits were 40 analyzed with a univariate random regression model. The genetic analysis for macromineral-41 related disorders included 986 cows with no obvious signs of MF (35 cows with MF were 42 excluded).Analysis for other health traits included all 1,021 cows. A similar single record model 43 was used for the analysis of BHBA. Genetic correlations among traits were estimated with a 44 series of bivariate analyses. Statistically significant daily heritabilities of SCHCa (0.13 -0.25), 45 HypoP (0.18 -0.33), SCHMg (0.11 -0.38) and HyperP (0.14 -0.22) were low to moderate, 46 while that of HypoK was low (0.08 -0.10). The heritability of BCS was 0.20±0.10. Statistically 47
INTRODUCTION 56
During the transition period (3 weeks before to 3-4 weeks after calving) the modern high 57 producing dairy cow is at increased risk of encountering a multitude of interrelated health 58 disorders (Larsen et al., 2001; Lean et al., 2013) . In a study that included 151,000 records, 59
Ingvartsen et al. (2003) clearly demonstrated that disease incidence is highest during the first 10 60 days after calving. Negative energy balance, macromineral-related disorders and reduced 61 immunity are the three major causes of transition period diseases (Goff, 2006a) . Prevention of 62 health disorders around calving is based on the implementation of various managerial and 63 nutritional strategies; for example, body condition score (BCS) evaluation and post calving β-64 hydroxybutyric acid (BHBA) serum concentration are proposed to be routinely used as energy 65 balance indicators (Oikonomou et al., 2008a; LeBlanc, 2010) . 66 67 Macromineral serum concentration changes are mainly caused by increased cow requirements at 68 the onset of lactation combined with reduced feed intake and possibly delayed homeostatic 69 mechanisms (Goff, 2006a) . Macromineral-related disorders, relating to calcium (Ca), phosphorus 70 (P), magnesium (Mg) and potassium (K) concentrations, are at the center of the disease cascade 71 that dairy cows experience during the transition period (Goff, 2004) , in either clinical or 72 subclinical form (Goff, 2006b) . Netherlands), according to the procedure described by Daly and Ertingshausen (1972) , with the 145 use of standard commercial reagents (Thermo Fisher Scientific Inc. USA). Potassium serum 146 concentrations were measured using an ion-selective electrode according to manufacturer's 147 instructions (Electrolyte Analyzer 9180, Roche Austria). The intra-and inter-assay coefficients 148 of variation for all the above analyses were less than 3%. Beta-hydroxybutyric acid was 149 measured only on the 8 th day after calving by a spectrophotometric kinetic method (Bruss, 2008) . 150
The intra-assay coefficient was 2 to 4%, while the inter-assay coefficient was 4 to 8%, both of 151 which are within the desirable range. 152
153

Disease Definitions and Cut-offs 154
In our study, SCHCa, HypoP, HyperP, SCHMg and HypoK were defined based on threshold 155 values provided in relevant literature and were expressed as presence or absence of the condition 156 (binary traits). Animals with serum concentrations below or equal to 8.3 mg/dL for Ca, 4.2 157 mg/dL for P, 1.8 mg/dL for Mg, and 3.9 mmol/L for K, were considered as cases of SCHCa, Yijkmn is the health trait record of cow n; 204
HYSi is the fixed effect of herd-year-season of calving i (72 levels); 205
Lj the fixed effect of number of lactation j (4 levels); 206
Mk the fixed effect of calendar month k (12 levels); 207 a1 the linear regression coefficient on age at calving (age); 208
Pm orthogonal polynomial of order m; 209 bm the fixed regression coefficient on days from calving (D); 210
Anm the random regression coefficient on days from calving associated with the additive 211 genetic effect of cow n including all pedigree data (4,262 animals spanning five 212 generations); 213 eijkmn the random residual term. 214
The fixed effects in the model including the polynomial order in the fixed regression were fitted 215 after preliminary analyses had confirmed their statistically significant effect (P<0.05) on the 216 traits based on the F-test. Further increasing the order of the polynomial did not have a 217 significant effect (P>0.05). Similarly, the final order of the random polynomial (third for either 218 trait) was determined with the use of the log-likelihood ratio test in sequential analyses of 219 gradually increasing orders. The final order choice was also confirmed with the Akaike 220 Information Criterion test. Four measurement error classes were defined for each the day from 221 calving (1 st , 2 nd , 4 th and 8 th ). The definition of these classes, even at this small time span, aimed 222 to capture the day-to-day differences in health events at the beginning of lactation. Covariances 223 between the error classes were assumed to be zero. SCHMg, HypoK, and HyperP are shown in Table 3 and for MF, LDA, and MAST in Table 4 . 278
All estimates presented were statistically greater than zero (P < 0.05). Day-to-day heritability 279 estimates were low to moderate for SCHCa (h 2 = 0.13 -0.25), HypoP (h 2 = 0.18 -0.33), HyperP 280 (h 2 = 0.14 -0.22), SCHMg (h 2 = 0.11 -0.38) and LDA (h 2 = 0.19 -0.31), low for HypoK and 281 MF (h 2 = 0.07 -0.11), and moderate to high for MAST (h 2 = 0.15 -0.41). Regarding serum 282 BHBA, the heritability estimate was not statistically significant (h 2 = 0.073±0.077, P = 0.12), 283 while for BCS was statistically significant (h 2 = 0.20±0.10, P < 0.05). This study aimed to estimate genetic parameters of subclinical and clinical diseases that occur 324 during the first 8 days after calving. Detailed records were obtained including day-to-day clinical 325 examination of cows by the same veterinarian. (2012) in a study of 1,772 Holstein cows of various parities between 5 and 60 days after calving 364 from 123 herds, using a similar animal model, reported a heritability estimate of 0.17±0.06 365 (P<0.001).This higher heritability estimate can be attributed to the much wider sampling period 366
(1 blood sample between 5 to 60 days after calving), which possibly resulted in a higher 367 incidence of hyperketonemia. The heritability estimate of BCS was statistically significant in the 368 present study (h 2 =0.20±0.10). Koenen The present study did not detect any significant genetic correlation of Ca, P, Mg and K serum 405 concentrations and BCS with any postpartum health disorders. The absence of genetic 406 correlations could be attributed to the multifactorial etiology of most of these health events: 407 infectious agents may co-exist with metabolic and managerial deficiencies. Moreover, this lack 408 of genetic correlation may support the idea that these traits are controlled genetically by different 409 genes and individual selection should be applied. Contrary to expectations, this study did not find 410 a significant genetic correlation between SCHCa and MF. However, considering the disease 411 definitions, MF cases were defined as standing (showing mild ataxia, excitability, muscle 412 tremors and reduced ruminal motility) or recumbent cows; therefore, MF definition was solely 413 based on symptoms and not in any serum Ca measurement. Furthermore, this absence of genetic 414 correlation could also be attributed to the low incidence of MF. In this study, recumbent cows 415 were immediately treated with intravenous Ca solutions, rendering the measurement of serum Ca 416 concentrations meaningless. Moreover, it is known that there is no specific threshold of Ca 417 serum concentrations which always results in recumbent cows. Regarding the absence of any 418 genetic correlation of the remaining macrominerals with other health disorders, this may also be 419 attributed to the multifactorial etiology and to the low incidence of some of the health disorders 420 (e.g. metritis, mastitis and ketosis). On the other hand, the lack of any significant genetic 421 correlation in this study may be incidental. Therefore, as this is the first study of its kind, the 422 genetic analysis of other independent data sets may shed more light on this issue; more research 423 is needed in order to clarify these issues. The correlation of HyperP with MAST is a novel finding and the exact mechanism of this 441 association has to be further investigated. These results highlight not only the need for genetic 442 selection against these subclinical disorders, which is feasible based on our heritability estimates, 443 but also for enhanced implementation of pertinent management practices. Table 6 . Statistically significant phenotypic correlations of serum macromineral concentrations on day 1 after calving and their changes from days 1-4 and 1-8 after calving with Body Condition Score (BCS), β-Hydroxybutyric acid (BHBA) and health disorders traits, during the first 8 days after calving (standard error in parentheses) 
